This paper deals with the coordination of production, replenishment and inspection decisions for a manufacturing-oriented supply chain with a failure-prone transformation stage, random lead time and imperfect delivered lots. Upon reception of the lot, the manufacturer executes an acceptance sampling plan with a zero non-conforming criterion. If the sample does not contain non-conforming items, the lot is accepted; otherwise, it is rejected. In this work, two strategies regarding the refused sampled lot are studied. The first one involves a return of the lot to the supplier, who commits to improving the quality of the lot, while the second assumes that the manufacturer performs a 100 % inspection and rectification operation. This work presents two main objectives. The first one is to jointly optimize, in a stochastic and dynamic context, the ordering point of raw material, the lot size of raw material, the final product inventory threshold and the severity of the sampling plan using a simulation-based optimization approach. The second one is to determine the best of the two quality control strategies. The in-depth study has shown that no strategy could be preferred in all the cases. For this reasons, we present an easy decision-making tool (indifference curves) to help the manager select the best quality control strategy when considering the entire supply chain.
Introduction
In the literature, several authors have adopted feedback control policies to ensure better control of unreliable manufacturing systems. In this context, several approaches have been developed based on the hedging point policy (HPP) [1] . This policy consists on building and maintaining an optimal safety stock level in order to continue to meet demand during the non-operational status of the manufacturing system. In the last decade, the HPP concept has evolved to specific areas to the case of more complex manufacturing problem context such as production, repair and replacement [2] , remanufacturing [3] , quality [4] , environmental [5] and subcontracting [6] .
Facing an uncertain environment, manufacturers are increasingly motivated by efficient coordination of their decisions. In fact, models incorporating raw material procurement in manufacturing activities perform better in terms of average total cost than those tackling the decisions involved separately [7] . In this context, Hajji et al. [8] addressed an integrated production and replenishment control problem in a threestage supply chain with an unreliable transformation stage and supplier. Song [9] determined the optimal integrated ordering and production policy in a supply chain with stochastic lead time, processing time and demand. Sana [10] presented an integrated production-inventory model for a three-layer supply chain considering perfect and imperfect quality items. He employed an analytical method to optimize the production rate and raw material order size for maximum expected average profit. Berthaut et al.
[11] considered a joint supply and remanufacturing activities and proposed a suboptimal control policy. Hajji et al. [12] proposed a practical approach to the joint production and delayed supply control problem. Hajji et al. [13] developed a stochastic dynamic programming model to investigate a supplier selection problem, together with optimal controls on inventory replenishment and manufacturing activities. Pal et al. [14] optimized the production rate and raw material order size for a three-layer supply chain containing a supplier, a manufacturer and a retailer, where defective raw materials are sent back to the supplier and imperfect final products are reworked. Sana [15] developed an integrated economic production quantity and economic order quantity model for a three-layer supply chain subject to defective items in production and transportation and determined the optimal production rate, order quantity and number of shipments. Song [16] studied several stochastic supply chain systems and determined the optimal production and ordering control policies in the case of supply chains with backordering, a multistage serial supply chain, a supply chain with multiple products and supply chains with assembly operations. Jana et al. [17] proposed to coordinate production and inventory decisions across a three-layer supply chain model under conditionally permissible delay in payments. More recently, Song et al. [18] determined the optimal integrated production-inventory control for a manufacturing supply chain with multiple suppliers in the presence of uncertain material suppliers, stochastic production times and random customer demands, using the stochastic dynamic programming approach. They also studied supplier issues, such as supplier base reduction and supplier differentiation, under the integrated inventory management policy.
From the above literature review, the production-inventory model for a three-stage supply chain adopted two main assumptions concerning the reaction of the manufacturer against the delivered lot: either there is no quality control due to the implicit assumption of perfect delivered raw materials [8, 16] or there is 100 % screening [15, 14] . In reality, a fraction of the received lot may consist of non-conforming parts, known as "items of poor quality" [19] . In that case, the inspection policy has to be integrated into the production-inventory model to reduce the impact of raw material non-conformity on ordering and lot sizing decisions [20] and on the quality of the finished product [21] . Given that a 100 % inspection process may be costly and time consuming, an acceptance sampling plan could be more adequate.
The inspection of the delivered raw material with an acceptance sampling plan has been widely adopted in the industries. However, the research integrating sampling policy even with simple lot sizing has received very limited attention [22] . This paper considers a manufacturer-oriented supply chain system with a failure-prone transformation stage, a random lead time and an imperfect delivered lot. Upon reception of the lot, the manufacturer performs a lot-by-lot single-sampling plan with a zero acceptance criterion applied. In fact, this kind of sampling plan is widely adopted in the aerospace manufacturing [23] and food industries, among pharmaceutical companies, fisheries [24] and electronic manufacturing processes [25] . If the sample does not contain non-conforming items, the lot is accepted; otherwise, the lot is rejected.
When the lot is rejected, some authors have examined the involvement of the supplier in their studies. Starbird [26] examined the effect of the buyer's rewards, penalties, and inspection policies on the behaviour of an expected costminimizing supplier. Wan et al. [27] determined the acceptance sampling plan of the firm and the quality effort level of the supplier either in the simultaneous game or in the Stackelberg leadership game where both buyer and supplier share the inspection cost and the recall loss. However, to the best of our knowledge, in the case of the supplier-buyer relationship, authors have not considered that the returned lot may be inspected by the supplier, leading to an improvement of its quality. Other authors have assumed a 100 % inspection on the refused lot. Ben-Daya [20] and Noman [28] studied an integrated inventory inspection models with and without replacement of non-conforming items. presented an analytical method to optimize the lot size, sample size and acceptance number in an EOQ-type model that achieves a certain average outgoing quality limit.
In this work, as a stochastic lead time and a backlog cost of the final product are considered, the manufacturer may prefer to go with the 100 % option, but with some corrective action, such as reworking the non-conforming items of the rejected lot, rather than returning it to the supplier. One hundred percent option may ensure the presence of raw material and the continuity of the transformation process. However, if the supplier offers a certain degree of improvement of the lot whenever it is returned, the manufacturer could be attracted by this option. In fact, the return option may allow the manufacturer to deliver better quality and avoid additional inspection and rectification costs, but at the same time, it may lead to an increase in the delivery delay, which may in turn lead to the production system being starved of the raw material. In this case, the production process is stopped, causing an increase in the backlog costs of the final product due to the presence of customer demand. For these reasons, it is important to study the different strategies regarding the refused lots.
We formulate, in a stochastic and dynamic context, the integrated production, replenishment and quality control decision-making problem. In the second part of this work, we propose integrated decision strategies capable of dealing with coordination within the considered supply chain. A simulation model and a response surface methodology are then applied to find the optimal parameters governing the proposed decision strategies. An in-depth study is also conducted regarding the two proposed policies (return and 100 % inspection) following the lot rejection.
